ABSTRACT The human placenta is required to be the anchor, the conduit and the controller during pregnancy. The survival of the baby and its associated placenta is dependent upon the placenta shielding the embryo/fetus from harm, e.g., autoimmune disease -thrombophilia, antiphospholipid syndrome or infections, while simultaneously providing for the passage of critical nutrients (e.g., amino acids, vitamins) and beneficial immunoglobulins. In a number of instances, the movements of macromolecules into and through the placenta can result in the passage of the intact molecules into the fetal circulation or in the case of proteins -catabolism to amino acids which are utilized by the placenta and the fetus for continued growth and development. The transfer of two such macromolecules, immunoglobulin G (IgG) and vitamin B12 (cyanocobalamin or B12), are examined as to the unique receptor-mediated transfer capability of the human placenta, its transfer specificity as related to specific receptors and the role of endogeneous placental proteins (trancobalamins) in facilitating the recognition and transport of specifically B12. Brief comparisons will be made to other animal species and the differences in specific organ transfer capabilities.
continuous source of amino acids, which could not be sufficiently supplied by either passive diffusion or active transport.
As will be noted further in this review, these degradation and transport processes for macromolecules by the placentae and extraembryonic membranes occur in different sites depending upon the species under review. For example, in the rodent and rabbit, the chorioallantoic placenta does not transport or degrade IgG or transcobalamin proteins, but rather the visceral yolk sac
Introduction
Immunoglobulins are Y-shaped molecules made of 2 antigen binding fragments (Fab) and the stem of the Y (Fc fragment) (Fig. 1) . Specific binding of antigens at the Fab fragments results in the formation of immuno-complexes, whereas the Fc fragment interacts with effector systems of the immune response like complement or Fc receptors on the surface of certain subpopulations of white blood cells. This starts a reaction cascade ultimately leading to the elimination of the antigen. In the human, class G immunoglobulins are the predominant antibodies (ab), which in the serum are present in four subclasses differing in their Fc regions leading to different affinities to Fc receptors (FcR).
FcRs apart from eliciting an immune response against the invasion of the body by antigens are also involved in the transport of free antibodies across various tissue barriers. A full complement of maternal antibodies crosses intestine or placenta providing the fetus or the neonate with a protective shield against infections during the first months of postnatal life. In addition, the interaction between placental tissue and immunoglobulins as well as immuno-complexes (IC) serves the purpose of protecting the fetus against infectious diseases and the maternal immune response to foreign and auto antigens in the sense of immune surveillance. To reconcile these conflicting objectives is one of the major challenges of evolution of reproduction.
Evolution of maternofetal transport of immunoglobulins during human pregnancy
Maternal antibodies providing immuno protection of the infant during the first months after birth in different species reach the fetus or newborn via different routes (Brambell, 1958) . In the human, the placenta is the predominant route (Dancis et al., 1961; Linnet-Jepsen and Galatius-Jensen, 1958) . Immunoglobulins in the fetal circulation almost exclusively consist of maternal IgG and a wide spectrum of different antibodies like specific IgG antitetanous toxoid, anti-group-A streptococcal carbohydrate and anti-herpes simplex virus have been described (Eichhorn et al., 1987; Osuga et al., 1992) . Throughout evolution the placenta developed a complex transport system to allow a large variety of highly specific antibodies to cross the different tissue layers without interfering with the protective function of the barrier between maternal and fetal organism. In a recent study suggestive evidence is provided, that maternal antibodies reaching the fetus via the placenta or the infant via breast milk, do not only provide passive immunity against postnatal infection but may act as immuno-modulatory agents helping to develop specific and long lasting immune responses in the infant (Gros et al., 2006) .
In the human, in vivo data on transfer were originally derived from measurements of endogenous antibodies in paired samples of maternal and fetal sera, obtained at delivery or termination of pregnancy. Until the end of the first trimester the level of IgG in the fetal as compared with the maternal compartment is quite low (Dancis et al., 1961; Gitlin et al., 1969; Gusdon, 1969; Morell et al., 1972) . With the introduction of cordocentesis performed for various diagnostic purposes a systematic study of the evolution of transmission of antibodies from the mother to the fetus at different gestational ages became possible (Malek et al., 1996) . Between 17-22 and 28-32 weeks of gestation total IgG concentration increased from 1.44 + 0.67 g/l to 5.57 + 1.10 g/l, which is 10% and 50% of the maternal concentration respectively. Fetal levels of IgG continued to increase and at term the concentration with 11.98 + 2.18 g/L exceeded the maternal level, which was consistent with previous findings from cord blood sera taken at delivery at term (Malek et al., 1994; Longsworth et al., 1945; Kohler and Farr, 1966) . The ratio between IgG1:IgG2 in fetal sera already at 17-22 weeks of gestation was higher than that in maternal samples (Malek et al., 1996) . The curve of the changes in fetal:maternal ratio for IgG1, IgG3 and IgG4 in the second half of pregnancy demonstrated an exponential rise; whereas for IgG2, the increase of this ratio was linear.
The concentrations of the four subclasses of IgG in fetal sera showed, that levels of IgG1 exceeded the other subclasses at all stages of pregnancy (Malek et al., 1994 and Morell et al., 1971; Chandra, 1976; Catty et al., 1979) . Comparing the slopes of these curves the following ranking of preferential transport was shown: IgG1> IgG3> IgG4> IgG2. Interestingly, small-for-gestational age newborns have lower total IgG levels than their appropriate-for-gestational-age peers (Yeung and Hobbs, 1968) . This is largely due to lower levels of IgG1 (Chandra 1976; Catty et al., 1979) .
At term, placental transmission of maternal IgG into the fetal circulation involves transfer across two cell layers, the villous syncytiotrophoblast (STB) and the endothelial cells lining fetal capillaries inside the villi. A number of different in vitro models have been applied to study the mechanisms involved. In addition to the explosive development of molecular biology, more recent technological advances in the field of histochemistry allowed for a more precise allocation of different antibodies and their receptors to defined subcellular structures . The introduction of ultrathin cryosections for immunocytochemistry in the electron microscopy and for high-resolution immunofluorescence as well as a combination of two or more imaging methods has opened a new dimension for our understanding of the complexities of these mechanisms.
Pathway for IgG passage across different tissue barriers in the placenta

Syncytiotrophoblast (STB)
The various subtypes of FcRs and their respective isoforms are differently expressed in the various tissue components of the human placenta and play different roles in the transport of IgG from the mother to the fetus (Saji et al., 1999) .
The MHC class I-related FcRn or Fc receptor of the neonate had originally been described in the intestinal brush border of the neonatal rat (Jones and Waldmann, 1972; Rodewald, 1973; Wallace and Rees, 1980) and was found in the murine fetal yolk sac (Roberts et al., 1990) . A human orthologue of FcRn was identfied as mRNA and protein in the STB of the human placenta (Story et al., 1994; Simister et al., 1996; Kristofferson and Matre, 1996) ; it is generally accepted, that FcRn mediates uptake of IgG at the syncytial surface of the placenta.
However, IgG binding to both the human and rodent variant of FcRn is different from other FcRs in that FcRns are pH dependant with a high affinity at pH 6.0 and no significant binding at the maternal blood pH of 7.4 (Rodewald, 1976; Martin et al.,2001) . Furthermore, FcRn could not be detected at the apical plasma membrane but rather in a subapical endosomal compartment of STB (Kristoffersen and Matre, 1996) . In view of these two findings, direct binding of IgG at the microvillous surface to FcRn can hardly explain uptake of IgG by the STB (Story et al., 1994) . Since no direct evidence for binding of IgG to other proteins expressed in the microvillous surface like annexin II or placental alkaline phosphatase as intermediary carriers could be demonstrated (Stefaner et al., 1997; Simister and Story, 1997) , it was postulated (Israel et al., 1995) , that similar to the rodent yolk sac endoderm IgG in the syncytial layer internalizes nonspecifically by fluidphase endocytosis and after reaching an acidified endosomal compartment binds to FcRn (Roberts et al., 1990) . As shown recently by analyzing mice fetuses resulting from matings of FcRN +/-parents, it was found that FcRN -/-fetuses contained negligible amounts of IgG. Immunofluorescence together with immunoblotting showed that FcRN were expressed in the endoderm of the yolk sac placenta, but not in other cells of the yolk sac placenta or in the chorioallantoic placenta of these fetuses. IgG was found in the endoderm of both FcRN -/-and FcRN+/-yolksac placentas and in the mesenchyme of the FcRN +/+, but was missing from the FcRN -/-yolksac placentas. It was concluded, that IgG may enter the endoderm constitutively but is moved out by FcRN receptors (Kim et al., 2009) .
Functional studies using freshly isolated trophoblast cells (Sooranna and Contractor, 1991; Estermann et al., 1995) provided details of the mechanisms involved in overcoming the trophoblast as part of the placental barrier. In choriocarcinomalike cells expressing FcRn internalization of IgG by fluid-phase endocytosis with subsequent binding to the receptor and selective sorting into a transcytotic pathway could be demonstrated (Ellinger et al., 1999) . Immunocytochemical and labelled tracer approaches in human placental tissue provided evidence, that tubulovesicular structures serve the transport of IgG to endosomes inside the STB and it was proposed, that binding to FcRn provides protection against lysosomal digestion (Leach et al., 1991; King, 1982) . After transcytosis of the STB the contact with neutral pH outside of the basolateral plasma membrane favours uncoupling of IgG from FcRn with release into the interstitium.
In situ, when villous syncytiotrophoblast is continuously exposed to high concentrations of IgG in maternal blood, saturation of the binding capacity for endosomal FcRn is reached, and excess unbound IgG is diverted to the lysosomal degradation route (Fuchs et al., 2006) . This mechanism was demonstrated by confocal immunfluorescence microscopy, when the majority of In situ colocalisation of the receptors (hFcRn and transcobalamin II receptor) and their ligands IgG and transcobalamin B12 are displayed in term placental villous syncttiotrophoblast (STB). After uptake in early endosomes IgG bound to FcRn can be routed to the basolateral plasma membrane or back to the apical plasma membrane with recycling to the maternal circulation. A large fraction of endogenous IgG, which remains unbound to FcR, appears in multivesicular, LAMP2-positive, late endosomes and undergoes lysosomal degradation. The molecular mechanisms involved in the sorting of IgG to these different routes continues to be largely unknown. Also note that the transfer of TCII-B12 is proposed to use different receptors but have similar mechanisms for transfer and catabolism with exception that the synthesis of TC II does occur in the placenta and can be released into the maternal circulation to bind any available free B12. (Modified from Fuchs and Ellinger, 2004) .
IgG was seen in LAMP2-positive (lysosome-associated membrane protein), late endosomes. Differently, in trophoblast derived BeWo cells the FcRn/IgG complex was detected in apical early endosomes, in recycling compartments and in vesicles close to the basolateral plasma membrane; the latter was probably part of the transcytotic route. No FcRn or IgG could be detected in multivesicular, LAMP2-positive late endosomes and lysosomes (Leitner et al., 2006) . From studies on co-localisation of IgG, FcRn and subcellular organelles identified by specific markers the following concept for the processing of IgG inside the syncytium in situ had been proposed (Fig. 2) . After uptake in early endosomes IgG bound to FcRn can be routed to the basolateral plasma membrane or back to the apical plasma membrane with recycling to the maternal circulation. A large fraction of endogenous IgG, which remains unbound to FcRn appears in multivesicular, LAMP2-positive, late endosomes and undergoes lysosomal degradation (Fuchs and Ellinger, 2004) . The molecular mechanisms involved in the sorting of IgG to these different routes continue to be largely unknown.
As a model, the dual ex vivo perfusion of an isolated cotyledon of human placenta has proven to be particularly suited to study the actions of the different mechanisms involved in transmission of IgG from the mother to the fetus. By using a commercial preparation of a mix of unlabelled IgG it had been demonstrated, that transfer of the four IgG subclasses was consistent with transfer rates derived indirectly from paired blood samples from the mother and the fetus as discussed above (Malek et al., 1995) . As shown by Western immunoblot, samples from the maternal and fetal circuit had only one band in the range of 160 000 daltons, and there was no release of significant amounts of smaller IgG fragments into the fetal circulation. In another study with a similar model using radioactive iodine labelled IgG, 70% of the radiolabel recovered from the fetal circuit was attached to small molecules, which were not precipitable with trichloroacetic acid (Contractor et al., 1983) . Whether the substantial catabolism, which can only be detected by using radiolabelled IgG, is real or a consequence of a denaturing effect of radiolabelling, cannot be decided on the basis of presently available data.
Electron microscopy had been used to trace the pathway of horseradish peroxidase conjugate of IgG through the different tissue layers of the human placenta (Leach et al., 1990) . The delay of 2 hours between the start of perfusion of the intervillous space with the conjugated IgG and its detection in endothelial cells of the villous capillaries was consistent with the lag time after addition of IgG to the maternal perfusate until it was detected on the fetal side as observed in the study of Malek et al. (1995) .
The current knowledge of the interaction between the FcRn receptor and IgG or its Fc fragment and its relevance for different functions has recently been reviewed (Ghetie et al., 2000) . Mutated IgG Fc fragments have been used for functional studies on the role of the receptor for maternofetal transfer as well as for the half-life of IgG in the circulation. Ultimate proof of the central role of FcRn in the crossing of intact IgG from the maternal to the fetal side came from experiments studying mutated IgG in the dual ex vivo perfusion model. Maternofetal transfer of IgG1 as a wild-type antibody was compared to a recombinant, humanized (IgG1) antibody, where histidine had been replaced by alanine at the H435 position (His435 to H435A mutation) (Firan et al., 2001) . This mutation interferes with binding of the antibody to recombinant mouse and human FcRn, whereas binding to FcγRI, FcγRII and FcγRIII, which had also been postulated as mediators for the transport of maternal IgG, remains intact (Medesan et al., 1997) .
Comparing differently labelled wild-type antibody with the H435A mutant in the same experiment demonstrated a marked suppression of transfer for the mutated variant. This study also showed the value of the challenging method of ex vivo perfusion of whole placental tissue as a confirmation of the physiological relevance of data obtained from isolated trophoblast or endothelial cells alone.
Understanding the specifics of IgG transfer and the importance of the FcRn was further advanced by testing in the perfused human placenta the transit of a chimeric mouse/ human IgG Fab fragment used for anti coagulant therapy (Abciximab). No intact transmission of Fab fragments without the associated Fc portion could be demonstrated but much like albumin, the Fab fragment was catabolised by the human placenta (Miller et al., 2003) . In contrast to Abciximab, Rituximab, another chimeric mouse/human intact IgG and monoclonal anti-CD20 antibody was documented to cross into the human fetus and reduce B-lymphocytes, both in the mother and in the newborn (Klink et al, 2008) . Thus, the importance of the Fc end of the intact IgG is critical for the transfer of intact IgG whether human or mouse/human chimeric.
The different routing of IgG internalized and bound to FcRn resulting in transcytosis or recycling has already been mentioned. Recycling with release of intact IgG into the maternal circulation is not restricted to the trophoblast but is related to binding to FcRn in general. Such release is also seen with endothelial cells (Ghetie et al., 2000) . Consistent with this concept is the finding, that differences in binding affinity of the different subclasses of IgG to FcRn correlates with both, rates of maternofetal transfer and serum half-life Israel et al., 1996; Medesan et al., 1996) .
Endothelium of villous vasculature
FcγRI, RII, RIII are predominantly expressed in Hofbauer cells, the stromal macrophages of the placenta. Their role in transplacental passage of IgG is not entirely clear. It appears that isoforms of the three FcγRs may bind immune complexes and act as a protective barrier between the mother and the fetus. (Simister and Story, 1997; Simister, 1998; Simister, 2003) .
The endothelial lining of the fetal capillaries inside the placental villi appears differently from other components of the placental barrier and is quite tight. The transcellular route is the only way for larger molecules to get from the maternal to the fetal circuit (Firth and Leach, 1996; Leach et al., 1991; King, 1982; Bright et al., 1994) . Whereas the role of FcRn as transporter for IgG in helping to overcome the trophoblast part of the placental barrier is fairly-well established, the data on mechanisms for transport across the endothelium remain contradictory. Using immune staining, the presence of FcRn in the endothelium of capillaries in terminal villi have been described as absent or only occasionally seen Lyden et al., 2001; Kristoffersen and Matre, 1996) .
In a cell line derived from term placenta villi, FcRn in addition to several other markers specific for endothelial cells were not only clearly expressed, but were also functional with bidirectional transport of IgG . Transcytosis was preferential from the basolateral to the apical surface, and IgG and FcRn colocalized in an intracellular endocytic compartment. In a more recent study the same group demonstrated, that FcRn binding of these cells discriminated between native IgG and IgG treated with diethylpyrocarbonate (DEPC) (Radulescu et al., 2004) . The latter treatment by blocking histidine at the interaction site of IgG impaired the binding to FcRn. Whereas both types of ligands were internalized by the cells, the further processing differed dramatically. Intact FcRn binding protected native IgG from lysosomal digestion allowing active recycling as well as transcytosis of the native form with little accumulation inside the cells. The DEPC treated version displayed considerably higher intracellular accumulation and less recycling or transcytosis.
While these findings would fit very nicely into the general picture, it has been questioned, whether these cells indeed represent endothelium from terminal villi. It is generally agreed, that the expression of FcRn in endothelial cells from capillaries inside terminal villi is absent or very low and only increases along the vascular tree with clear expression in endothelium from cord vessels (Lyden et al., 2001) . Furthermore these cells apparently do not express FcγRII or any other of the "classical" FcRs (Gafencu et al., 2003) . FcγRII appears to be the only Fc receptor clearly expressed in terminal villous endothelium (Lyden et al., 2001) . The expression of the FcγRIIb2 isotype is highest in the capillaries inside the terminal villi and decreases along the villous vascular tree toward the vessels in the cord (Lyden et al., 2001) ."In the region of terminal villi, capillaries demonstrate sinusoidal dilatation with formation of vasculosyncytial zones, where the tissue layers separating maternal and fetal blood have been reduced to a thin syncytial covering, two basal laminas and the endothelium of the capillaries. This portion of the villous tree, therefore, would be particularly suited for transport of intact maternal IgGs into the fetal circulation.
Recently, an abundant expression of the FcγRIIb2 isoform in endothelial cells in sections from terminal villi was described. (Takizawa et al., 2005) . Using a combination of highresolution immunofluorescence and correlative electron microscopy attempts to colocalize this receptor with a number of markers of different organelles in the endothelial cells were unsuccessful. Of particular note is the lack of colocalization with caveolae, which in analogy with endothelial cells from other organs until recently have been assumed to provide the cellular route for passive transcytosis of IgG (Tuma and Hubbard, 2003) . Using double-label immunofluorescence stainings with anti-human IgG and anti-FcγRIIb2 a considerable overlap as a sign of co-localisation was found. Half of the FcγRIIb positive but so far unidentified vesicles contain eighty percent of endothelial IgG.
Fluorescence intensity measurements, which were performed after labelling IgG with a fluorochrome-labelled IgG-antibody, displayed intense diffuse brightness in the extracellular matrix of the interstitium compared to much less intense fluorescent granulae inside the syncytiotrophoblast and the endothelium (Takizawa et al., 2005) . This pattern of distribution of IgG in the different compartments of the placental barrier would be consistent with release of IgG from the syncytiotrophoblast with concentrative uptake by the extracellular matrix of the interstitium. The mechanism of the concentrative accumulation in the interstitial layer remains unclear. A concentration gradient between the interstitium and the endothelium would support downward movement of IgG in the direction of the fetal circulation possibly supported by a FcγRIIb dependant transport system. The expression of FcγRIIb in endothelial cells for most of the vascular tree in the human placenta was recently confirmed by Mishima and associates (2007) .
Unanswered Questions
Apart from the uncertainties related to the mechanisms allowing transcytosis of IgG across the endothelium in the villous vasculature of the placenta there are a number of unanswered questions.
There is some indirect evidence, that IgG through binding may also act as a vehicle carrying proteins across the placental barrier from the maternal to the fetal side. Whereas human insulin does not cross the placenta, older investigations from pregnant diabetic women treated with animal insulin noted that placental transfer of insulin was related to the maternal level of specific insulin antibodies, which suggests a role for a complex of insulin and its antibody in transport (Bauman and Yalow, 1981; Menon et al., 1990) . Secondly, correlation between the concentrations of tetanus Ag with anti-tetanus Ab found in cord blood as well as in the fetal compartment in the ex vivo model of the placenta perfused with serum containing tetanus Ag and Ab is consistent with the possibility, that the formation of an immuncomplex (IC) may be involved in the transplacental transport of the Ag (Malek et al., 1997 and 1998) .
Using the same model, further evidence for this additional carrier-mediation of antigens was generated when the transplacental passage of merozoit surface protein (MSP1-42), a malaria Ag, was found to be dependant on the presence of specific antibodies (King et al., 2008) . It remains unclear, how IgG could fulfil this vehicle function allowing the transplacental passage of a particular Ag. It is postulated, that the IC out of Ag plus Ab is taken up by the endosomal compartment of the syncytiotrophoblast (STB) through binding of the Fc fragment of the Ab to Fc receptors (FcR) as described above. Using laser scanning confocal microscopy, co-localisation of the malaria Ag'with endothelial cells but not with Hofbauer cells could be shown. The latter express FcγRI, RII, RIII, and the binding of ICs in the stroma may be part of the protective barrier function of the placenta between the mother and the fetus (Simister and Story, 1997; Simister, 1998) . However, the lack of co-localisation of the AG with Hofbauer cells is not compatible with that concept. Questions, e.g., a. whether there is intracellular dissociation of the IC from FcRn in STB and/or endothelium with routing of free Ag by apparently unclear mechanisms into the fetal circulation or b. whether there is "trapping" of ICs in the stroma and passage of excess ICs into the capillaries and subsequent release into fetal blood, need to be addressed in future studies.
Thus, the wealth of studies to date especially for the human placenta demonstrate that specific receptor-mediated transfer of IgG immunoproteins does occur and is regulated by the expression of transporter/receptor expression not only on the surface of the syncytiotrophoblast but also in the fetal endothelium and stromal tissues. Further the Fc end of the immunoglobulin defines the ability to be transferred and growing evidence suggests that antigens, e.g., malaria protein, may be trans-ferred through the placenta and extraembryonic membranes to the fetus much like the Trojan horse of the past.
Transcobalamin proteins and the transport of vitamin B12 (cyanocobalamin)
Vitamin B12 and transcobalamin proteins
Vitamin B12 (cyanocobalamin) is essential to normal development and is closely linked to folic acid. The balance of B12 and folic acid is critical to the prevention of birth defects and DNA synthesis (Watanabe, 2007) . Normally in cells, B12 is transported by transcobalamin II, which circulates in the maternal blood along with transcobalamins I and III, which also bind B12 in the serum. Normally, the transcobalamin proteins are produced by the liver; however, from the earliest stages of pregnancy post implantation to term, the transcobalamin proteins are also produced by the human placenta (Ng et al. 1981; . In addition, the human placenta has specific receptors for binding transcobalamin (Friedman et al. 1982; Nexo and Hollenberg, 1980; Seligman and Allen, 1978; Quadros et al., 1994) . Under ex vivo perfusion conditions in the human placenta, B12 is transferred from mother to fetus with the appearance of the transcobalamin-bound B12 appearing in the fetal circulation (Perez-D'Gregorio et al. 1998) (Fig. 3) .
The role of transcobalamin II in normal cell function is critical (Sereglhanoglu et al., 2008) . During pregnancy, B12 has been noted to decline but not TCII-B12 (Morkbak et al., 2007) . TCII is a 38 kD protein with a plasma half-life of 5 -90 minutes because of rapid absorption by cells (Gilbert, 1977) . A rare genetic disease, transcobalamin II deficiency, has been reported (Qian et al., 2002) . TC-II deficiency is associated with severe anemia and highly elevated methyl melonic acid levels in the blood. Only one women with a TCII deficiency is known to have become pregnant. Of interest has been the question, whether during pregnancy will she return to normal based upon the placenta producing and releasing TCII. This assumes that the baby in utero has at least one normal allele. Interestingly in three pregnancies, the mother with the TC-II deficiency has returned to normal methyl melonic acid levels early in the first trimester and maintained those normal levels throughout her pregnancy. The babies had normal B12 metabolism (RK Miller, J Mills and L Brody, unpublished observations) .
Such an observation of the placenta producing the carrier protein for the transport of a critical nutrient for fetal growth and development when the mother is deficient is another revelation of how important the placenta is in maintaining the development of the conceptus.
Across species, macromolecule transport is not always conducted by the chorioplacenta as it is in the primate. In the rabbit and rodent, the visceral yolk sac performs the duties for macromolecular transport. Both immunoglobulins and TCII -B12 are preferentially transferred across the visceral yolk sac (Brambell, 1958; Miller et al., 1976; Polliotti et al., 1998) . These differences across species not only define the transport of macromolecules but also the catabolism of proteins and large molecules as sources of basic nutrients for the conceptus, e.g., amino acids. The combination of receptor medicated endocytosis -transcytosis and catabolism represent sites for disrupting normal supplies and the production of adverse embryonic and fetal development. In the rodent, birth defects have been produced by trypan blue and antisera against the yolk sac via mechanism disrupting these metabolic processes with direct actions on the embryo or fetus (Brent, 1964; Brent et al., 1970 , Beck and Lloyd, 1967 Beckman et, 1991b; New and Brent, 1972) .
Unanswered questions
As with IgG, the role of the fetal endothelial membrane and cells in transporting Vitamin B12 free or bound to transcobalamins remains to be examined. Does the endoethelial cell only transport TCII or does it have other mechansims for TC I and TCIII. It is known that all three proteins do appear in the fetal circuit binding B12 (Perez-D'Gregorio et al., 1998) . We also know that the human placenta can produce and release these proteins. We do not know if TC I and TC III only bind free B12 in the fetal circulation or play a more active role in the transit of vitamin B12 once the B12 has entered the placenta. Future investigations will hopefully elucidate the control of this bulky vitamin and how it transits and binds to human placental proteins.
Summary
Thus, through examination of these important placental functions in multiple species, one can identify the critical roles played Fig. 3 . Kinetics of vitamin B12 transfer across the ex vivo perfused human placental lobule. This is a composite of measurements from six placentae perfused for 8 hours, where free vitamin B12 was initially added to the maternal perfusate; however, after the first hour, the form circulating in the maternal perfusate was 98% protein bound due to transcobalamin proteins produced and released by the human placenta. As noted, the fetal concentrations of vitamin B12 continued to increase and represented principally B12 bound to transcobalamin proteins. Of importance is the substantial concentration of vitamin B12 in the placental tissue even after 90 minutes of perfusion. The B12 in the placental tissue was predominantly bound to the transcobalamin proteins. The mechanisms of transfer for vitamin B12 represent a novel involvement of placental produced proteins. (See Fig. 2) . In utero, vitamin B12 would normally be bound to TCII produced either by the maternal liver or the placenta. Once TC-II B12 is in the fetal circulation, it can be readily taken up by the fetal cells. (From Perez-D'Gregorio and Miller, 1998). in normal development of both embryo and fetus. Substantial work continues in understanding the specific cellular mechanisms controlling the transport and catabolism of these proteins and vitamins. This review hopefully will inspire the reader to further examine the cellular processes underlying the control of macromolecule transport across the placenta. 
